The increasing attention given to global energy issues and the international policies needed to reduce greenhouse gas emissions have given a renewed stimulus to research interest in the linkages between the energy sector and economic performance at country level. Economic poverty is linked with energy poverty and, at the same time, energy is an important vector for triggering economic development and for reaching the objectives of the Millennium Development Goals (MDGs).
I. Introduction
Energy poverty is always associated with economic poverty. It concerns people that have a low income, a low energy consumption and no access, or limited access to modern energy fuel (petroleum products and electricity). Around 1.6 billion people do not have access to modern energy fuels (the majority of whom lives in Sub Saharan). It means that they don"t have access to economic development and they spend a good deal of their time collecting local energy resources such as wood and dung, causing health disease and accelerating deforestation. This situation is worse by the recent episode of high oil price (the price of the oil barrel went up from $75 in 2002 to $146 in June 2008) caused some turmoil in the weak economies mainly in the ECOWAS:
a region that suffers deeply from the changing price of oil.
Energy poverty can be defined as "the absence of sufficient choice that allows access to adequate energy services, affordable, reliable, effective and sustainable in environmental terms to support the economic and human development" (Reddy, 2000) . From this definition, energy poverty is an obstacle to economic development but energy poverty is basically explained by a low income situation. The purpose of this paper is to understand more clearly the link between consumption and economic development and, and then, to see how energy poverty reduction may trigger economic development.
To do this, we analyse the causal relationship between economy and energy by adopting a Vector Error
Correction Model for non-stationary and cointegrated data with a sample of the fifteen countries of the ECOWAS and three sub-components of energy (total primary energy-include biomass, oil products and electricity).
What is the impact of these sub-components of energy in economic development of the ECOWAS? This impact is it different depending on the type of energy? What impact of high oil price on energy consumption and economic development? What type of policy can be set up to overcome energy poverty and trigger economic development in the ECOWAS?
The paper is divided into three sections. The first covers energy poverty and its impact on economic poverty of the region. The second section, discusses the link between energy consumption and economic growth.
Based on these results, the third section seeks to determine the required energy policy and strategy to reduce the energy vulnerability and to fight against poverty and for sustainable development of the ECOWAS.
II. Economic poverty and energy poverty
At the beginning of the 3rd millennium, the energy situation in sub-Saharan Africa, which closely reflects the low level of development, can be characterized as "energy poverty". Energy poverty can be defined as "the absence of sufficient choice that allows access to adequate energy services, affordable, reliable, effective and sustainable in environmental terms to support the economic and human development" (Reddy, 2000) . From this definition, energy poverty is an obstacle to economic development but energy poverty is basically explained by a low income situation.
World energy consumption is very unevenly. Per capita energy consumption is 0.5 ton of oil equivalent (toe) fall (from 0.47 toe per year) due to population growth particularly strong on the mainland (+1.9 % per year, cons + 1% worldwide). Its total consumption should she go to 687 million toe spread between 1.5 billion people (or 5.9% of global consumption to 17.6% of the population of the planet).
Less than 10% of the SSA rural population has access to modern energy services.
Biomass provides over 80% of total domestic primary energy supply across the region -even in major petroleum exporting countries. The remaining 20% of the energy requirement is mainly met by imported petroleum products. The high dependence of SSA on oil imports makes it extreme vulnerable to energy price shocks. Thereby, the recent episode of high oil prices is having devastating effects on the region and may undermine its good progress towards the economic development.
The Economic Community of West African States ECOWAS groups 15 countries since its creation in 1975.
Its size is 5,112 km 2 and its total population today stands at 262 million, representing 40% of the total population of sub-Saharan Africa (SSA).
With 7 % of the world GDP (161 billion current $ US) and $615 GDP per capita, 13 of 15 ECOWAS nations are currently categorized as Least Developed Countries (LDCs). Only two countries, the Cape Verde Islands and Ghana, are classified as countries with a "medium" level of development.
All these nations also belong to the Heavily Indebted Poor Countries (HIPCs), and 14 of them have low levels of human development indicator (HDI lower than 0.5) and high poverty rates.
West Africa has a population of 100 million poor, which means 44% of the region" s population lives below the monetary poverty line of $1 per person per day. This is the highest percentage of any region in the world.
Worse still, the figure is rising steadily and all signs indicate that the poverty reduction goal will not be met in this region by 2015 2 .
The energy consumption levels of people in the ECOWAS reflect the situation of energy poverty specifically relates to rural and suburban areas.
With 4 % of the world population, (13% for Africa) and a 2 % production of world commercial energy (7% for Africa), ECOWAS accounts for only 1.7 % of world energy consumption (3% for Africa) 3 .
Biomass accounts for more than 80% of total energy consumption for domestic purposes (Enerdata, 2005) .
The intensive use of biomass has many negative effects on economic development, health and the environment.
• Loss of time: women and children spend several hours a day collecting firewood and other biomass. This is often detrimental to productive activities and education.
• The health problems: the use of biomass furnaces and traditional homes is not only inefficient (very low yields) but also constitutes a danger to the health of users. Wood combustion is incomplete and releases of toxic gas which is exacerbated by the lack of ventilation due to high indoor air pollution (Bruce et al., 2000) .
This pollution causes respiratory diseases, cancer, tuberculosis, and causes weight loss and eye diseases among newborns (Bruce et al., 2000) . Women and children are the first concerned by this problem.
• Environment: the collection and use of fuelwood is another cause of deforestation, erosion, land degradation and desertification. As forests are being cleared for agriculture and other purposes, women and children are walking longer distances to collect biomass. Furthermore, the use of dung for heat production reduces the amount available for fertilizer production.
Another illustration of the energy poverty of the continent is provided by this modern form of energy that is the ultimate power as shown by the following indicators:
 The power consumption per capita in ECOWAS is 128 kWh per capita. This is about 100 times less than in the USA (12.331 kWh per capita).
 Four out of the community"s 15 countries have an overall electricity access rate ranging from 20 to 40%; these are Benin, Senegal, Ghana and Cote d"Ivoire.
 There are considerable Service access gaps among urban zones (average 40%) and rural areas (average 6% to 8%)
 Despite the active promotion of privatization and competition reforms by international financial agencies such as the World Bank, the electricity sectors of ECOWAS countries remain highly vertically integrated and under state-ownership. Only two ECOWAS countries (Cape Verde and Cote d"Ivoire) have a power sector owned in majority by (foreign) private companies (Pineau, 2007) .  The power sector is therefore still characterized by: ""excessive costs, low service quality, poor investment decisions, and lack of innovation in supplying customers"" (Besant-Jones). This contributes to the extremely low electricity usage in these regions.
The low consumption levels show that there is insufficient access to energy services which does not allow for the development of economic activities or access to basic social services and as such, does not contribute to poverty reduction.
There figures are however important differences among countries within ECOWAS. These differences reflect the important local conditions among countries and the difficulty to make general conclusions about energy consumption and income levels.
III. Energy and economic development

Literature review
The causal relationship between energy consumption and income is a well-studied topic in the literature of energy economics. The causality is in the sense of Granger causality (Granger, 1969) . Kraft and Kraft (1978) , in their pioneering study, found unidirectional causality running from GNP to energy consumption for the Kraft-Kraft results (Abosedra and Baghestani, 1989; Yu and Choi, 1985; Cheng, 1995; Hwang and Gum, 1991; Erol and Yu, 1987) .
The large number of studies in this area, unfortunately, found different results for different countries as well as for different time periods within the same country.
In most recent studies, researchers have focused on the cointegrating relationship between energy consumption and income for a few countries (e.g. Yu and Jin, 1992; Masih and Masih, 1996, 1997; Glasure and Lee, 1997) . In many developing countries the estimation of causality cannot be achieved, because of a short data span, which lowers the power of the unit root and cointegration tests.
In this paper we are trying to reexamine the causal relationship between GDP and energy consumption in the ECOWAS countries, using cointegration and vector error correction techniques. But because of the lack of data, the results are not always strong.
We use annual energy, electricity and oil consumption (ener, elec and oil hereafter) and GDP. Energy and oil use are a million metric tons of oil equivalents, electricity in million watt-hours and are sourced from Enerdata. The GDP variables are in millions and sourced in World Development Indicators (World Bank).
For all countries, the time period used is 1980-2008 and all variables are in log.
Methodology
Granger-causality implies causality in the prediction (forecast) sense rather than in a structural sense. It starts with the premise that "the future cannot cause the past'; if event A occurs after event B, then A cannot cause B (Granger 1969) . This concept can be examined in the context of a bivariate model consisting of the following two equations:
ET (2) where: e t =ln(E t ) 
and (4) where Δ is the first difference operator, so that the terms are introduced in differences to ensure that they are stationary or I(0). Here the concept of causality is formulated in terms of changes to the variables and the presence of Granger-causality depends on the significance of the Δe t-j terms and Δy t-j terms in equations (3) and (4) respectively.
Furthermore, if it is found that the two integrated variables co-integrate, then equations (3) and (4) Stage 3a: Test for causality from e to y using the Granger causality procedure.
Stage 3b: A long run relationship exists so there must be causality for at least one direction. Therefore, test if it is from e to y (or from y to e) using the error correction Equation and test accordingly.
Empirical results and discussion
1. Unit Root test
We use the Phillips-Perron (1988) method to test for the existence of unit roots and identify the order of integration for each variable. Unit root tests are done both with and without allowing for a time trend. The Newey and West (1987) method is applied to choose optimal lag lengths, which turned out to be 3 for all variables.
As shown in Table 2 , a unit root can be rejected for the first difference but not the levels for all variables at the 5% significance level.
Using these results, in the next step, we utilized Johansen (1988) and Johansen and Juselius (1990) maximum likelihood procedure to test for cointegration.
2 Cointegration
Test for cointegration between e and y using the Johansen technique. For consistency, the specification that allows for a linear trend in the data with an intercept but no trend in the co-integrating vector is utilised with the optimal lag structure for the VAR selected by using the Schwarz (SIC For the entire ECOWAS region, the statistics tests denote the existence of two cointegrating equations.
The existence of cointegration rules out Granger non-causality.
Testing the short and long run relation
Estimating the Granger Causality
The granger causality performed pair-wise for GDP and total energy consumption, income and oil consumption, as well as income and electricity consumption, shows a significant link for almost countries test, at the 5% level of significance (Table 4) .
For 3 countries, Guinea Bissau, Senegal and Niger, energy consumption, as well as oil and electricity consumption contribute to the economic growth.
For Mali and Nigeria, total energy consumption and electricity lead to economic growth (oil consumption does not cause income).
For all ECOWAS and Togo, only the total energy consumes causes GDP growth. For Guinea, it"s the electricity consumption that causes growth.
For, Benin and Sierra Leone, if energy consumption has not cause GDP growth, the GDP growth in contrary lead to the growth of total energy consumption, electricity and oil consumption.
For Cap Verde and Guinea, the growth in GDP leads to the growth of total energy consumption but not in the growth of the consumption of oil and electricity.
For Ghana and Gambia, the GDP economic growth leads to the growth of total energy and oil consumption.
While for Burkina Faso and Senegal, the GDP growth leads to the growth of electricity consumption.
Le Vector Error Correction Model (ECM)
The Trace and Max-Eigen statistics indicate the existence of cointegration in the case of 8 countries and the entire ECOWAS. The existence of cointegration requires the Error Correction Model.
According to Granger"s (1983) , if there is a long-run relationship between the variables then there will be a 'short-run' error-correction relationship associated with it. This latter relationship represents an adjustment process by which the deviated actual consumption rate is expected to get back to its long-run equilibrium path.
To model this short-run error-correction relationship, the first difference of each variable in the long run relationship should be used, including an error correction term which represents the adjustment of actual to desired equilibrium exchange rate level in the previous period. This error-correction term is expected to be negative sign.
Estimating of the ECM equations for all cointegrated countries yields the following results:
-Energy consumption has a positive long run impact on growth for Benin, Guinea Bissau, Liberia and Nigeria. And, negative long term impact for the remaining countries (Mali, Niger Sierra Leone and Togo).
-Energy consumption seems to have not a long term impact on the Ghana GPD.
-Except for Sierra Leone and Guinea Bissau, power consumption has a positive impact on growth for the all the cointegrated countries.
-Oil consumption has a positive impact in the long term growth for Benin, Ghana, Sierra Leone, Togo and Niger. And a negative impact for Guinea Bissau, Liberia Mali and Nigeria. The negative impact of oil consumption on growth in Nigeria is unexpected and curious.
-For the entire region, there is a long term impact of energy, oil and power consumption on growth.
In the short term, except for Benin, Guinea Bissau, Nigeria, Togo and for the ECOWAS, there is a positive relation between energy consumption and growth for the cointegrated countries. The ECM coefficients are in negative sign for Ghana, Liberia, Mali, Niger and Sierra Leone. There is short run elasticity between energy consumption and growth for these countries.
Short run elasticity exists also for electricity consumption and growth for Sierra Leone and the ECOWAS. For the oil consumption and GDP, this short run elasticity exists for Ghana, Liberia, Mali and Sierra Leone. Short run elasticity coefficient exists also between current GDP and the past income except for Liberia.
-Current GDP thus depends as much on current energy, electricity, oil consumption as on past GDP for Sierra Leone.
-Current GDP depends on past GDP and energy consumption for: Ghana and Niger.
-Current GDP depends on past GDP and energy consumption and oil consumption for Mali -For Liberia current GDP depends on energy consumption and oil consumption.
-For the ECOWAS, current GDP depends on only past GDP and the electricity consumption.
IV. Conclusions and policy implications
In this paper a recently developed cointegration test and a modified version of the Granger causality test were applied to investigate the long run and causal relationship between GDP and energy use for 15 West Africa countries from 1980 to 2008 to re-examine the co-movement and causal relationship between GDP and energy consumption according to the short-run and the long-run dynamics of energy consumption and GDP, we refute the neutrality hypothesis advanced in respect of developing countries for the energy-income relationship.
Our evidence shows results suggesting that there is a long-run steady-state relationship between energy consumption and GDP for a cross-section of countries after allowing for a country-specific effect.
Energy consumption is found to Granger cause GDP or vice versa for the many countries of the panel. The implication of this finding is that a high level of economic growth leads to high level of energy demand and vice-versa.
The results of a unidirectional long-run causal relationship and a uni-directional short-run causal relationship running from energy to GDP show that energy consumption leads economic growth. This implies that energy consumption bears the burden of the short-run adjustments to reestablish the long-run equilibrium. In other words, high energy consumption tends to have high economic growth. Current as well as past changes in energy consumption have a significant impact on a change in income in some ECOWAS countries. For these countries, energy is an important factor for economic development and energy conservation may harm economic growth regardless of it being transitory or permanent.
This direction of causation expounds future energy use concerning environmental protection and economic development.
The reverse effect is observed for six of the 15 countries. For these countries, economic poverty leads to energy poverty. GDP growth has a positive impact on energy consumption. The results show in some case that from the lagged dynamic terms, the short run changes in economic growth are in part responsible for future changes in energy consumption. That is, a faster rate of growth promotes higher energy consumption. Also, the variable has a crucial impact on growth through the adjustment of error correction terms (ECM), which are significant and have a correct sign for many of the 15 countries. The ECMs in Table 5 indicate that there exists a mechanism in correcting the disequilibrium between economic growth and energy consumption. The implication of this finding is that reducing income could lead to a fall in energy consumption.
This means that investment and other efficient measures that increase energy supply can be implemented, but such measures should not be at the expense of the environment.
The directional causality running from economic growth to energy consumption may statistically suggest that energy consumption measures may be taken without jeopardizing economic development. This is not to suggest however, that energy consumption level should be reduced. The option therefore might be for these countries to enhance the level of efficiency Indeed, in order not to adversely affect economic growth, energy conservation policies that aim at reducing energy must rather find ways of reducing consumer demand. This sort of policy could be achieved through an appropriate mix of energy taxes and subsides. there was feedback in some ECOWAS countries and (4) there was a lack of causal relationship for other countries. 
